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© Copolymer for use In preparing prepregs, printed circuit wiring boards prepared from such 
prepregs and processes for preparing such printed circuit w.rlng boards. 

&s mnnivmars for use In preparing prepregs, which in turn are used to prepare printed circuit wiring boards are 
@ ? P J ? Tirr o oSeT for producing the prepregs and wiring boards. The copolymers compnse 
£££ Z^J^c^ ^rs, eV^rbornene-type monomers, e.g.. ^pe^ene- 

but are not limited to improved dielectric properties, improved adhesion to glass cloth substrates, etc. 
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COPOLYMER FOR USE IN PREPARING PREPREGS, PRINTED CIRCUIT WIRING BOARDS PREPARED FROM 
SUCH PREPREGS AND PROCESSES FOR PREPARING SUCH PRINTED CIRCUIT WIRING BOARDS 

CROSS-REFERENCE TO RELATED APPLICATIONS 



This application is related to [U.S. Serial No. 309,857, filed February 14, 1989) and (U.S. Serial No. 
288.999, filed December 23. 1988), which are assigned to the same assignees as the present invention. The 
entirety of these disclosures are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 



10 



25 



This invention relates to printed circuit wiring boards, prepregs from which they are prepared and to 
copolymers from which the prepregs are prepared. The copolymers comprise repeating units of polynorbor- 
nene structures. Some of the structures have been substituted with a silane substituted and some Jiave not 
been substituted. The silane substitution provides increased adhesion to various substrates, for example. 
75 qiass cloth and copper. 

Printed circuit wiring boards generally comprise at least one layer of glass cloth which has been 
impregnated with a polymer or copolymer. These wiring boards are fabricated from prepregs. Prepregs are 
Generally formed of glass cloth which has been Impregnated with a polymer or copolymer and then partially 
cured so that further curing can take place. The prepregs are then generally arranged in a stacking 
20 sequence and subjected to heat and pressure so as to form a cured laminate. 

The laminates generally comprise at least one layer of prepreg and at least one layer of a conductive 
film, such as copper, which when imaged and etched serve to provide a printed circuit wmng board 

SUb Tytfcal printed circuit wiring boards are single layer or multilayer in configuration. The typical single 
layer printed circuit wiring board comprises a central prepreg/substrate layer to which have l^nlarninated 
two layers of conductive film (optionally only a single layer of conductive film may be laminated to the 
substrate layer). The conductive film is then imaged and etched to form the printed circuit mentioned 
above If a multilayer printed circuit wiring board is desired, this procedure can be repeated. Thus, typically, 
a structure similar to a single layer printed circuit wiring board is fabricated comprising a prepreg substrate 
core and imaged and etched conductive film patterns on each major surface of the substrate. Subsequently, 
additional layers of prepreg are configured in a stacking sequence on each major surface together with one 
or two layers of conductive film on the exterior major surfaces of the additional prepreg layers. The 
sequence is then subjected to heat and pressure in order to form a multilayer laminate comprising layers of 
conductive film, prepreg, conductive film, prepreg. etc.. 

Celluloslc and fiberglass cloths have long been used to reinforce polymeric substrates such as the 
prepregs discussed above. It is known that silane coupling agents can be applied directly to glass filaments 
to improve the properties, such as the strength of laminates such as those discussed above, often by as 
much as 300% for compression molded test samples. It is believed that silane coupling agents at the 
interface allow many particulate materials to act as reinforcing fillers in such laminates to increase various 
properties, such as strength, hardness, modulus, heat distortion and impact strength. Fiberglass cloth is 
usually treated with a solution of a coupling agent This coupling agent can be a silane coupling agent and 
can be applied directly to the glass cloth. , . 

The precise nature of the mechanism in which silane increases adhesion is not entirety understood. 
Silane coupling agents modify the interface between organic resin surfaces and non-resins to improve 
adhesion. The physical properties are improved as a result. It is possible that the silane cpuphng agents 
form bonds with the non-resin surfaces and resin surfaces through the silane functional group. Hydrolyzed 
silanes condense to oligomeric siloxanols and eventually to rigid cross-linked structures. Contact with a 
polymer matrix should take place while the siloxanols still have some solubility. The bonding to ajpolymer 
matrix may take various different forms. Bonding may be covalent where the siloxanol is compatible with 
the liquid matrix resin. The solutions might also form an interpenetrating polymer network as the siloxanols 
and the resins separately cure with only limited copolymerization. _ 

It is well known that not all silanes or mixtures of silanes will bond all metals to all substrates. In 
McGee, U.S. 4.315,970, it is stated that: 

p]t is generally accepted that specific silanes can be used for adhesion of specific matenals to specific 
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substrates. That is, the silane must be matched to the application and it cannot be assumed that all silanes 

rTisTta^ unpredictability of the suitability of silane coupling agents in improving 

adhesion of a metal to a substrate. Thus, this suitability must be determined by experimentation. 

6 ^rsutobte coupling agents are commercially avaiiable for bonding of many common plastics i wrth ,a 
varieTof metals, the application of silane coupling agents for bonding of polynorbornenes o metals has 
o ricenrbeen developed (see U.S. Serial No. 228.034. filed August 4. 1988 and commonly ass.gned to 
^sSrSsignei as the present invention). Norbomene-type monomers are polymerized by eitter a ring- 
o^eninrmechanism or by an addition reaction wherein the cyclic ring structure remams intact Rmg- 

,o opening p^ymTSon generaUy yields unsaturated linear polymers white addition po.ymerizat.on yields 
^yZX^cs. H is desirable to produce polymers having high molecular weight repeating ^unrts 
Sr?orS4Sn to provide good temperature resistance, i.e.. high heat distortion temperatures and h,gh 

^CaS^ <« scIose ,aminates for USe Pr6parin9 . Prin !f d CirCUi ! Tvl'^ 

15 .aminatii comprise an aiiembly of prepregs of paper-reinforced phenolic res.n and copper foil. Potyettyl- 

Z may be employed as an intermediate layer between the copper foil and the prepregs. The polyethylene 

faveMs siS.e^modified in the presence of a radical-generating agent and is employed as an adhesive layer 
"^T^^oses laminates of glass fibers impregnated with silicon-modified epoxy resins wh,ch 

a«so polyethylene. A six-layered wiring board is prepared from 15 sheets of the ^prepreg , and I 6 

20 sheete of copper foil: CA107:8575q discloses similar laminates wherein epoxy resins, guan.d,ne derivatives, 

15th National SAMPE Technical Conference, 1983. discloses general design considerate ms ^ fte jj^ 
ion of printed circuit boards. It discloses that the thermal cyclization of matenals to form mutocycl.c 
2S %£m£!Zn employed in the preparation of printed circuit boards. « disdoses *at ^ona. 
Sane reactions" may be employed to overcome the shortcomings of silicon and that sitoxane .s a 
-ar s Lbn?oup[snor polymer segment structures", tt also discioses that coupling agents to improve 

adhesion can be employed. Hico,.««H ahova are 

Although printed circuit wiring boards employing vanous matenals. e.g.. those ^^J^ 9 '^ 
so avaiteble serious deficiencies in properties still exist, such as good adhesion, low dielectnc constant, good 
rnefXge^ molten solder ^stance characteristics and improved pee. strength. Prior a tpnnted 
S^iL board substrates fail short of optimizing these parameters and prov.ri.ng a spectrum of 
properties which is optimal. Thus, there has been a continuing need for improvement. 
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SUMMARY OF THE INVENTION 



It is an object of this invention to provide printed circuit wiring boards having improved 
adhesion tt is a further object of this invention to provide such printed circuit wring boards having an 
£££ specim of overali properties, such as improved dielectric activities, molten ^er ^-stance 
Z sSnS punchability, etc.. In one aspect of this invention, these objects are obtained by providing a 
Sn e?cS SgWd comprising a conductive film laminated to a prepreg layer ^ompnsing a glass 
do^mP^natTwlth a polycycloolefin copolymer comprising silane-substituted repeating unrts denved by 
ring-opening polymerization from monomers of the formula 
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R' and R«is each independently selected from H. halogen. CH 3 . or 'Grp™ 8 *** c 
R3 and R s is each independently selected from H, halogen. CH 3 . C 2 -Cio alkyl. <^-Cio afcene. C s -C, 2 
cyctoaTkyl <J-Oi, cycioaikene. Or*, aryl. or Cs-C 12 aryl substituted by C-C. alkyl. or a s.lane group, or 
#23ff together form a saturated or unsaturated cyclic or muiticyclic alkylene group of from 2-10 carbon 
atoms; and 

R2 and R 4 is each independently selected from H or a silane group. 

Twill be understood that at least one of R 2 and R» is substituted by a silane group when RJ and R s do 
not togtthS form a cyclic alkylene group. When R3 and R* form a cyclic alkylene group, this group is 

P T^H t^SSSL that the cyclic or mu.ticyc.ic a.ky.ene group of R 8 -* is meant to r .nciude 
compounds wherein R 8 -R* form cyctohexyl-type structures fused to the ring of the structure set forth .n the 

formula Thus, R 3 and R s can form a norbornyl-type structure. „ 

R 2 through R s can also be a polar substituent such as a nitrite-, ester-, acrylate-. halogen- or sulfur- 

OT tt 9 oS"preferred aspect of this invention, these objects are obtained by providing a printed hMt 
wiring board comprising a conductive film laminated to a prepreg layer comprising a glass cloth .mpreg- 
3 with a polycyclic copolymer comprising silane-substituted repeating units derived from monomers of 
the formulas 
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wherein n = 1-4 and R 7 and R 8 are independently selected from hydrogen, halogen. Ci-C, 2 alkyl groups, 
Lc, 2 alkylene groups, G,-C 2 cycloalkyl groups. Cs-C, cycloalkytene groups and Cs-C^ aryl groups, 
Sane o 3 and % together form saturated or unsaturated cyclic groups of from 4 to 12 ^^oms wrth 
fee two ring carbon atoms connected thereto, said ring carbon atoms forming part of and contributing to the 
4 to^2 carbS atoms in the cyclic group. At least one of R 7 and R* is substituted by a sHane group, when 
ff and R* do not together form a cyclic group or groups. When R 7 and R sdo together form a cyclic 
group or groups, the R 7 -R 8 cyclic structure is silane substituted. . . an 

The prepregs produced from the copolymers of this invention have low dielectric constants. e.g.. from 
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3 5-26 preferably from 3.3 - 2.6. In highly preferred embodiments, dielectric constants of 3.0 or lower are 
obtained' The prepregs of this invention also have low dissipation factors, for example, the prepregs of this 
invention have dissipation factors of from 0.01 - 0.001. preferabiy from 0.007 - 0.001 In highly preferred 
embodiments of this invention, the prepregs of this invention have a dissipation factor of 0.003 1 or "°wer. 

The invention also provides related laminates, as well as copolymers denved from the above-identified 
monomers. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides laminates, particularly printed circuit wiring boards, having a superior spectrum 
of properties. In particular, the printed circuit wiring boards of this invention have a superior spectrum of 
dielectric and structural properties, including lower dielectric constants and increased adhesion. They are 
prepared by laminating a substrate layer, such as one or more prepregs of fiberglass-reinforced sHane- 
substituted polynorbomene copolymer to a conductive foil, for example, a copper foil, utilizing a silane 
coupling agent and optionally an intermediate layer of polyethylene. , 

In preferred embodiments of this invention, the prepregs are prepared from glass fibers which are 
impregnated with a polynorbomene by the use of a polynorbomene dipping solution. This solution 
comprises solubilized polynorbomene polymers. The polymers are obtained from metathesis ring-opening 
polymerization of cycloolefin monomers having at least one norbomene functional group. 

The norbomene monomers (cycloolefin monomers) are characterized by the presence of at least one 
norbomene moiety, for example, a moiety having a structure of Formula I or II. At least some of the 
moSome! ^moletJe? contain a sSane substituent, e.g.. a substJtuent of the formula -SiR»R-R» wherein each 
of R R R 10 R 11 is selected independently from the group which includes H; halogen; C1-C12 alKyi; U-O12 
aryl; Cs-C,' 2 aryl substituted by C,-C, 2 alkyl; Ci-Ci 2 alkoxy; halogen; or hydroxy!. The alkyl and alkoxy 
substituents preferably contain 1 -4 carbon atoms, most preferably 1-2. 

Small amounts of silane-substituted norbornenes containing hetero atoms, (e.g. -O-. -C-. -NH-) can also 
be included. When employed these compounds comprise 1 -10% of the compositor, based on the total 
weight of monomeric units present in the polymeric composition, preferably from 1 - 5%. 

These compounds include monomers of the formula 
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wherein X is selected from -C-. -CsH*-CH 2 - or alkylene of from 1-4 carbon atoms, preferably from 1-2 
carbon atoms, and most preferably -CH2-; 

Z is selected from -0-, -NH-, -O-CHjCHz-O-. or -NH-CH2-CH2-NH-; 
46 Y is selected from alkylene of from 1-4 carbon atoms, preferably from 1-3 carbon atoms, and most 

preferably 3 carbon atoms; and . 
R8 R" and R" are each independently selected from hydrogen; C,-C, 2 alkyl. preferably Ci-C* alkyl. most 
preferably C-Ca alkyl; aryl; C-C,. aryl substituted by C,-Ci 2 alkyl: Ci-C* alkoxy; and most 
preferably C1-C2 alkoxy; halogen; or hydroxyl. 

60 The cycloolefin copolymers comprise repeating units derived from silane-substituted and non silane- 
substituted cycloolefin monomers. Suitable silane-substituted and non sila^e-subsfttuted cycloolefin j mon- 
«w»0or clarity *e following nomenclature does not name the silane substitute* f™9* when a Jane 
sTstituted. these monomers can be the silane-substituted monomers employed in the ^invention ^dude 
substituted and unsubstituted norbornenes. dicyclopentadienes. dihydrodicyclopentadienes. tnmers of 

55 cyclopentadiene. tetracyclo-dodecenes. hexacycloheptadecenes. ethylidenyl norbornenes and vinylnorbor- 
nenes Substituents on the cycloolefin monomers include hydrogen, alkyl, alkenyl. and aryl groups of 1 to 
20 carbon atoms, and saturated and unsaturated cyclic groups of 3 to 12 carbon atoms 
formed with one or more, preferably two. ring carbon atoms. In a preferred embodiment, the substrtuents 
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(exclusive of the silane substituted) are selected from hydrogen and alkyl groups of 1 to 2 c^n atoms 
Generally speaking, the substituents on the cycloolefin monomers can be any which do not poison or 
deactivate the polymerization catalyst Examples of the preferred monomers referred to herein include 
dicyclopentadiene, 
2-norbomene, 

and other norbornene monomers such as 
5-methyl-2-norbornene, 
5 f 6-dimethyl-2-norbornene, 
5-ethyl-2-norbornene, 

5-ethylidenyl-2-norbornene (or 5-ethylidene-norbornene), 
5-butyl-2-norbomene, 
5-hexyl-2-norbornene, 
5-octyl-2-norbornene, 
5-phenyl-2-norbornene, 
75 5-dodecyl-2-norbomene, 
5-isobutyl-2-norbomene, 
5-octadecyl-2-norbornene, 
5-isopropyl-2-norbornene, 
5-phenyl-2-norbornene, 
20 5-p-toluyl-2-norbornene, 
5-a-naphthyl-2-norbornene, 
5-cyclohexyl-2-norbomene, 
5-isopropenyl-norbomene, 
5-vinyl-norbornene, 
25 5,5-dimethyl-2-norbomene, 

tricyclopentadiene (or cyctopentadiene trimer), 
tetracyclopentadiene (or cyclopentadlene tetramer), 
dihydrodicyclopentadiene (or cyclopentene-cyclopentadiene co-dimer). 
methyl-cyclopentadiene dimer, 
30 ethyl-cyclopentadiene dimer, 

tetracyclododecene, , , . 

S-methyl-tetracyclote^.l.l^.O^Jdodecene^ (or methyl-tetracyclododecene), 
9-ethyl-tetracyclo[6,2,1 .l^.O^dodecene^ (or ethyl-tetracyclododecene), 
9-propyl-tetracyclo[6,2,1 .1 3 * O^Jctodecene-^ 
35 9-hexyl-tetracyclo[6,2,1 .I^.O^Jdodecene-^ 
9-decyl-tetracyclo[6,2,1,1 3 ' e ,0 2 - 7 ]dodecene-4, 
Q.IOdimethyl-tetracycIoLSAI.I^^ldodecene-^ 

9-methyU 0-ethy l-tetracyclo[6,2,1 ,1 3 ' 6 ,0 2 * 7 ] dodecene-4, { 
9-cyclohexyl-tetracycio[6,2,1 .I^.O^dodecene^, 
40 9-chloro-tetracyclo[6,2,1 ,1 ^.O^jdodecene-^ 
g-bromo-tetracyclote^.l.^^.^ldodecene^. 
9-fluoro-tetracycfot6,2,1 .l^.O^Jdodecene-^ 
9-isobutyl-tetracycio[6.2,1 ,1 ^.O^Jdodecene-^ and 

g.lO-dichloro-tetracycloie^.l.^^.^ldodecene^. . . 0 

45 This invention especially contemplates the use of one or more of these monomers so as to provide 
either homopolymers or copolymers upon polymerization. 

Other monomers can form part of the polynorbomenes such as non-conjugated acycic olefins 
monocyclic olefins and diolefins. The non-conjugated acyclic olefins act as chain terminators in the ring 
owning polymerization. Terminal olefins are most preferred. e.g., alpha-olefins. Thus vomers like 
XxT'l « preferred while 1-butene, 2-pentene, ^methyl^pentene, and 5-ethyl-^ctene are suitable 
also. They are typically used at a molar ratio of 0.001:1 to 0.5:1 acyclic olefin to cycloolefin monomer The 
Snorbornenes used in forming the printed wire boards of the present invention 
polymerization. For solution polymerization, the catalyst preferably comprises molyMenum or tungsten 
catalyst preferably comprises dialkylaluminum halides, alkylaluminum dihaJides. alkylalkoxy 
halides or a mixture of trialkylaluminum with an iodine source. . . ,. c 

Examples of useful molybdenum and tungsten saJts include the halides such as ch lorides bmU« 
iodides, and fluorides. Specific examples of such halides include molybdenurn P entechl ^^^ 
hexach oride. molybdenum pentabromide. molybdenum hexabromide, molybdenum pentaiodide. molyb- 
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n^CS W "c U ^y^ ring-opening solution po.ymerizat.on inoiude aiky.-a.uminum 
halidersuchT e^luZm" sesquichloSde, diethylaluminum ch.oride. J|f ylaluminum ,od,de 
eCia» diiod.de" propylaluminum diiodide and ethy.propy.a.uminum ,od,de and a mixture of 

^'sSn £S^TUw«™. or tungsten sat is genera..y emp.oyed at a .eve, from 
OOlTS Tmi.limo.es per mole of total monomer, preferably from about 0.5 to about 0 
SLk£ plr oUotT. monome^ and the organoaluminum oompounds described above ^are ^generalhj 
n^Tn a mo ar ratio of organoaluminum compound to molybdenum and/or tungsten satt(s) from about 10/1 
^Z ll^Tm frTSout 5/1 to abo'ut 3/1. Both catafyst and oocyst for solution polymenza- 

-d in forming the dipping so.ution indude 
JS^SS^ MrcTbon 'JS containing 4 to "^j£*ZSZZb 

as ft ^2£s m^\^Z or 2.5-dimethy.-2.5-di(t-buty. P eroxy)-hexyne-3. Antioxidants such as 

abo7l0% to about 40%. Dipping solutions having concentrations both above and be.ow th,s range can be 

^hVrX^^ nor^ellulosic Coth. such as fibers, to form a substrate 

, «? l to al a orecL The cloth may be woven or non-woven. Many glass cloth matenals 
hiTva^ d S-Xce cSenSL are available commercial In the present invention E-type 
having a ™ety erf surface cnar 627 refers to a s „ane treatment) 

+ *mnJatiir^ or at the temperatures above or below ambient temperatures. 

r^nTolXlyme s^ent to provide a weight-to-weight ratio of copo ymer to g.ass m the 
An amounx oi cop" y weight-to-weight basis is suitably employed. 

« tszszzi » ^ "* - — * ^ ^ 50:50 to 

- testis: 

S^T; ££££ TJZTonly oo. o, ft. abov. PMC** «*■* ™« M. or «n. » 

aV "S*r s .^' wUing bo»* can be spared b» tarfn*. ft. pr-boaW 
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conductive fayer to the substrate layer (prepreg). The lamination steps can involve ft* conv entiona. 
conditions well-known to those of ordinary skill in the art. For example, one of ordinary stall in the art can 
eaXde e^nropLum pressure and temperature conditions at which the lamination should be .corned 
St oerhaoTwith a few routine optimization experiments. Lamination can suitably be accomphshed .n a 
neate pSs'sing Assures above about 700 psi. preferably 1.000-1.100 * ^ 

be^enTbien^ temperature and 250*0. but preferabfy between 170 C and 190 C^Preferabl* the 
laminaTonTemperature is above the glass transition temperature of the polymer and » « sufhcentiy high to 
Se any Turing agents which are employed. e.g.. peroxide curing agents. At «™P««* estte 
cunna agents paLLy peroxide curing agents will release an oxygen free-rad.cal wh.ch causes cross- 
So SoS-lK P^es strength and chemical resistance to the boards. Generally, a stack of 
^eprJgs S be pressed between a pair of pre-treated copper foils. The pre-treated bronze side of the 

this invention are readify commercially available. M = 
the silane-ibstituted monomers of this invention may be easily prepared by introducng s.l.con atoms ; .nto 
tne Sno^omenes. This is accompiished by reacting a diene monomer (cyoloolefin monomer) w,* .a 
d^Srcontaining silicon. For example, a silane-substituted monomer can be prepared from cyclope-v 
^ and a dfeneophile containing silicon. Similarly, a tetracyclododecene could be obtemecL Thfc 
pmcedure is easily accomplished, and involves fully conventional conditions and matenals (e.g . conven- 
S citalystTetc ). The silane compounds of formula V are prepared in the same way. Those of ordmary 
Sin tt» arfwill readily be able to select the optimum starting materials and reaction conditions. 

Sul^lfr^Lnlng dieneophi.es are fully conventional, readily available and can be eadly 
selected by thosTof ordinary skill in the art. Examples of suitab.e dieneophiles include v^ettjoxysllane. 
StahllSane and vinyldichloromethy.si.ane. However, many others exist and are readdy avalabte 
Te stiane-substituted monomers are then copolymerized with non s..ane-substittrted monomer .to 
?s oroduce a silane-substituted copolymer comprising polycycloolefins. Examples of surtable and preferred 
sSne^ubsS monomers induce norbomeny.si.ane. norbornenyi ^Wlch orosilane^rbomeny^- 
Sox^silane (or s-^cyclohepteneK-triethoxysilane). etc. In an exemplary embodiment^ 
mSdTeo^e>-2-triethoxysilane is copolymerized with 2-methyl-5-norbomene to produce a poly- 
SSSSK^SSStSSEn-l silane group", The copolymerization advantageous.y takes place under the 

30 conditions monomer to non silane . substituted monomer of from , *j I 95. >to ,*£ 
V99 is suttably employed on a weight-to-weight basis. Preferably, a ratio of from about 80:50 to about 3.97 
is emDloved and most preferably a ratio of from about 20:80 to about 5:95. ■ . omQ 

Prep^roduced from such copolymers exhibit improved polymer-glass adhes,on. .mproved plasma 
as etch resistance, lower dielectric constants and lower dissipation factors. . . eama w . v 

35 etch^es.sta^ ^ CO p 0 , ymers of this invention are employed to produce prepregs n thesame»«y 

mat^on-stiane-substituted polycylootefins have been employed to produce ' P"*^*" wnng board, 
The procedure for producing such wiring boards and related laminates is set forth below. 

40 ste P 1 

P Ig pgration of 70/30 (wt/wt) Methyltetracyclododecene (mtd) S-trlethoxysilyl-2-norbornene (SiNB) Copolymer 

45 An unsaturated polynorbornene polymer was obtained in the following manner. Into a se Ptu^WNl 
vessd conSng 150 g. of molecular sieves were added 400 g. of dry toluene. 80.3 g .of mettryl 
XcSeSe. 35 g 9 triethoxysHyl norbornene and 26.5 g. hexene-1 . The contente^e mixed and 
mixture was allowed to stand 30 minutes, then transferred to a second vessel by passmg .t through a 1 
m Son fitter undi nitrogen pressure. The vessel was slightly pressurized with nitrogen Jo m^re JL77 

50 ccTa 25i solution of ethyl-sesquichloride (EASC cocatalyst) in dry toluene were mt^duced by syringe^ 
To tttis mixture. 9.77 cc of a solution of 2 g. of molybdenum pentachloride catalyst .n 39 g of dry 
Sy^teTaS 84 g. of dry toluene, were also introduced by syringe. ^™2TmV«Tm2 
reaction of the mixture resulted and the mixture became a viscous l.qu.d. After 15 m.nutes. 60 cc of a 88/ia 
mixture of 2-propanol and water was added to the vessel and the contents shaken to Innate *e 

55 S tTo top layer, containing mostly solvents, residual monomers and low molecular weight po^mer, 
wS ^ured off The semisolid bottom layer was redissolved in 100 cc of toluene, washed w.th water and 
dried bv azeotropic distillation of part of the solvent. ~™Ant 
PolUerizatio^ was found to be 93% conversion of monomer as calculated by measuring the percent. 
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weiQht solids of the resulting polymer soslution. The glass transition temperature (Tg) was found to be 
138 C in the second heat, as calculated from a Differential Scanning Calorimetry curve of a sample of the 
polymer that was diluted in toluene, precipitated into methanol with stirring, filtered and dned. 

Step 2 

Preparation of Prepreg 

The prepreg formulation used consisted of a 25% solution of a 70/30 (wt/wt) copolymer of methyl- 
tetracyclodocene (MTD) and 5-triethoxysilyl-2-norbornene (SINB) also containing 3.5 p.h.r. (parts per 
hundred resin) of Lupersol 130, peroxide from Penwalt Co. Lucidol Division, and 1 p.h.r. of Irganox 1010 
antioxidant from Ciba-Geigy Co. The polymer had a dilute solution viscosity (DSV) in toluene of 0 5 and rt 
was obtained by ring opening polymerization of above monomers in toluene, in the preserve of hexene-1 
as a molecular weight modifier, using molybdenum pentachloride and ethyl-aluminum sesqu.chlonde as the 

^Theatovrformulation was impregnated, by dipping, onto a glass cloth style 2116. having a finish 642 
from Burlington Industries. After air drying to a tacWree condition, the residual solvent was e'.m.nated in a 
mechanical convection oven for 15 minutes at 50 C. 15 at 75 C. 20 at 100 C and 10 at 130 C. The 
residual amount of volatiles was measured to be below 2.5% at 200 C by Thermograv.metnc Analysis. 

Step 3 

Lamination of Copper Foil To The Prepreg 

Two layers of above prepregs were laminated in-between electrodeposited copper foil, containing a 
proprietary bronze treatment on the matte side (TC treatment from Gould Inc.. Foil Division). The Ration 
and cure was performed in a press at from 40 to 190 C for 25 minutes and. isothermalty at 190 C f or 3 

30 hrs., using a pressure of 700 psi. j . . . 

The copper on both sides of the laminate was imaged and etched using a 1 molar solution of 
ammonium persulfate. The etched board was at this point a cured substituted polynorbornene C-stage 

b0a The following examples illustrate how various copolymers of this invention perform when employed in 
printed circuit wiring boards of this invention. In these examples and throughout the specification all parte 
and percentages are by weight and all temperatures are in degrees Celsius, unless expressly stated 
otherwise. 
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Example I 

Printed circuit wiring boards were prepared from prepregs of glass mat impregnated with various 
coDolymers. The polymers were prepared from monomers according to the following table using molyb- 
denum pentachloride In toluene with added ethyl acetate as catalyst and ethyl aluminum sesquichlondein 
toluene as cocatalyst. Hexene-1 was used as a chain transfer agent to control molecular weight The 
polymer was formulated In a formulation containing 1% Lupersol 130 and impregnated on a glass cloth 
having a typical amino silane treatment used for epoxy resin formulations. After cure of the prepregs in a 
cress at 270* C the adhesion of the polymer to glass was determined by scanning electron microscopy of 
an interface obtained by fracture at liquid nitrogen temperature. The polymers containing the sUicon 
compound showed good adhesion to glass fiber bundles, while a control prepreg made of ajwlymer of 
MTD/MNB 90-10 showed poor adhesion at the glass polymer interface. The dielectric constant of the 
copolymers was then measured at ambient conditions using a GenRad 1687B 1-Megahertz LC Dig.bndge at 
a frequency of 1-MH 2 . The results are set forth below. 
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tr 


Polymer Composition (Parts) 


Dielectric 
Constant 




1 


70/30 MTD/Si N B-glass 


3.2 




2 


70/10/20 MTD/MNB/SiNB-glass 


3.3 


5 


3 


70/20/10 MTD/M NB/Si N B-glass 


3.1 




4 


70/25/5 MTD/MNB/SiNB-glass 


3.2 




5 


70/29/1 MTD/MNB/SiNB-glass 


3.0 




Control (FR-4) 


Epoxy-Glass 


4.1-3.5 


10 


MTD = methyl tetracyclododecene 

MNB = methylnorbornene 

SiNB = 5-(bicycloheptene-2-yl)-triethoxy-silane 



15 



20 



While the invention has been disclosed in this specification by reference to the 
embodiments of the invention, it is to be understood that the disclosure s intended in an «^ 
than in a limiting sense, as it is contemplated that modifications will readily occur to those skilled in the art, 
within the spirit of the invention and the scope of the appended claims. 
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Claims 

1 A printed circuit wiring board comprising a conductive film laminated to a prepreg layer comprise glass 
cMi impregnated with a polycycloolefin copolymer comprising silane-substituted repeating units derived by 
ring-opening polymerization from monomers of the formula 




or 



R R 
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50 
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wherein 

R' and R s are each independently selected from H. halogen, CH 3 , C2-C10 ^kyl: 

R3 and R s are each independently selected from H, halogen CH 3> Ca-Cio a*yl. CrCo alkene. Cs-C,* 

C-C. cyc.oa.kene. <*C,, ary., or C 6 -C 12 ary. substituted by 0,-C,. 
R3 and RS together form a saturated or unsaturated cyclic alkylene group of from 2-10 ca^ atoms w,tti 
me proviso Sat when R* and R* together form a saturated or unsaturated alkylene group. sa.d saturated or 
unsaturated alkylene group is further substituted by a silane group; 

R2 and R* are each independently selected from H or a silane group, with the proviso that when R and R 

do not together form an alkylene group, at least one of R 2 and R* is a silane group. 

™ A printed circuit wiring board comprising a conductive film laminated to aprepreg layer compns.ng a 
glass doth impregnated with a polycyclic copolymer comprising silane-substituted repeating un.ts derived 
from monomers of the formulas 
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wiw^in n-1-4 and R 7 and R 8 are independently selected from hydrogen, halogen, C-C12 alkyl groups, 
SSr^lene gfoupsXcia cyclop groups. C 6 -C 12 cyc.oa.ky.ene groups and C 6 -C 12 ary. groups 
S^e or Tand ^together from a saturated or unsaturated silane substituted cycHc group of from 4to 12 
S*™ atom with the two ring carbon atoms connected thereto, said ring carbon atoms form.ng , part of and 
SrSuC^the 4 to 12 caLn atoms in the cycHc group with the proviso that, when R 7 and R 8 do not 

T^rT^^X^^^ 2 tSS?£S«. me ..position comprising a 
PoiycyXCoTym^ and non substituted repeating units derived from 

monomers of the formulas 
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46 



50 



«h«mi n n=l-4 and R 7 and R 8 are independently selected from hydrogen, halogen, Ci-C, 2 alky, groups. 

^cvdoalyTene gm^ps and <VC,7cyc.oa.kyl groups. Cs-C 12 cyctoa.ky.ene groups and Cs-Ci 2 ary. 
SoSs s^e o? R 7 and RMogether form saturated or unsaturated silane substituted cyclic group o from 4 
to caS aLe "th the two ring carbon atoms connected thereto, said ring carbon atoms ^formln , part 
S and^onttibuting to the 4 to 12 carbon atoms in the cyclic group with the prov.se that, when R 7 and R do 
not together form said cyclic group, at least one of R 7 and R 8 is 
a a nrocess for Droducing a printed circuit wiring board comprising the steps of 
* soLon comprising polynorbornene polymers 

Se polynorbornene polymers comprise a polycyclic copolymer comprising silane-substitirted repeating 

units derived from monomers of the formulas 
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On: 



Ode-' 



wherein n = 1-4 and R 7 and R 8 are independently selected from hydrogen, halogen, C1-C12 alkyl groups, 
C2-C12 alkylene groups, C 6 -Ci 2 cycloalkyl groups, C 6 -Ci 2 cycloalkytene groups and Ce-Ci 2 aryl groups, 
silane or R 7 and R 8 together from a saturated or unsaturated silane substituted cyclic group of from 4 to 
12 carbon atoms with the two ring carbon atoms connected thereto, said ring carbon atoms forming part 
of and contributing to the 4 to 12 carbon atoms in the cyclic group with the proviso that, when R 7 and R 8 
do not together form said cyclic group, at least one of R 7 and R 8 is a silane group; 

(b) impregnating a glass cloth with the dipping solution and drying the impregnated cloth to remove a 
substantial portion of the solvent to form a prepreg to function as a substrate layer, 

(c) laminating and curing the prepreg layer to the treated surface of a conductive film. 

5. A laminate comprising at least one layer of a non-cellulic cloth impregnated with a copolymer having 
repeating units derived from silane-substituted and non-silane-substituted monomers of the formulas 



On: 

35 



40 




n 



45 wherein n=1-4 and R 7 and R 8 are independently selected from hydrogen, halogen, C 1 -Ci 2 cycloalkyl 
groups, C2-Ci 2 alkylene groups, Cs-Ct 2 cycloalkyl groups, Cs-Ci 2 cycloalkylene groups and C 6 -Ci 2 aryl 
groups, silane or R 7 and R 8 together form a saturated or unsaturated silane substituted cyclic group of from 
4 to 12 carbon atoms with the two ring carbon atoms connected thereto, said ring carbon atoms forming 
part of and contributing to the 4 to 12 carbon atoms in the cyclic group with the proviso that, when R 7 and 

50 R 8 do not together form said cyclic group, at least one of R 7 and R 8 is a silane group. 

6. TTie silane group set forth in claim 1,2,3,4, or 5 wherein said silane group is a substituent of the formula 
-S1R9R10R11 wherein each of R9, Rio, R11 is selected independently from the group which includes H; 
halogen; Ci-Ci 2 alkyl; C6-Ci 2 aryl; and Ce-Ci 2 aryl substituted by Ci-Ci 2 alkyl; Ci-Ci 2 alkoxy; and 
hydroxyl. 

55 7. The silane group of claim 6 wherein said silane group is a triaikoxysilane or an alkylalkoxysilane. 

8. The copolymer set forth in claim 1,2,3,4, or 5 wherein the ratio of silane-substituted monomer to non 
silane-substituted monomer is from about 95:5 to about 1:99. 

9. The circuit board set forth in claim 1 or 2 wherein the ratio of polycycloolefin copolymer to glass cloth is 
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from about 75:25 to about 30:70. 

10. The composition of claim 3 wherein the ratio of si lane-substituted monomer to non silane-substituted 
monomer is from about 75:25 to about 30:70. 

1 1. The process of claim 4 wherein the ratio of polycycloolefin copolymer to glass cloth is from about 75:25 

5 to about 30:70. , t ^ . , . t7COC 

1 2. The laminate of claim 5 wherein the ratio of polycycloolefin copolymer to glass cloth is from about 75:25 

to about 30:70. t , _ _ 

13. The conductive film of claim 1,2, or 4 wherein said conductive film is copper and the surface of the 
copper film which is laminated to the prepreg layer has a bronze coating. 

10 14 The polycycloolefin set forth in claim 1 wherein at least one monomer of said polycycloolefin is derived 
from a cycloolefin monomer selected from methylnorbornene, methyltetracyclododecene. 
tetracyclododecene, vinyl-norbornene or dicyclopentadiene. 

15 The polycycloolefin set forth in claim 3,4 or 5 wherein at least one monomer of said polycycloolefin is 
unsaturated and derived from a cycloolefin monomer selected from methylnorbornene, methyl- 
is tetracyclododecene, tetracyclododecene, vinyl-norbornene or dicyclopentadiene. 

16. The polycyclic copolymer set forth in claim 1,3,4. or 5 wherein said polycyclic copolymer is denved 
from silane-substituted and non silane-substituted monomers selected from dicyclopentadiene, 
2-norbornene, 

and other norbomene monomers such as 
20 5,6-dimethyl-2-norbornene, 
5-ethyl-2-norbornene, 

5-ethylideny!-2-norbornene (or 5-ethylidene-norbornene), 

5-butyl-2-norbornene, 

5-hexyl-2-norbornene, 
25 5-octyl-2-norbornene, 

5-phenyl-2-norbornene, 

5-dodecyl-2«norbornene, 

5-isobutyl-2-norbomene, 

5-octadecyl-2-norbornene, 
30 5-isopropyl-2-norbornene, 

5-phenyl-2-norbornene, 

5-p-toluyl-2-norbomene, 

5-a-naphthyl-2-norbornene, 

5-cyclohexyl-2-norbornene, 
35 5-isopropenyl-norbomene, 

5-vinyl-norbornene, 

5.5-dimethyl-2-norbomene, 

tricyclopentadiene (or cyclopentadiene trimer), 

tetracyclopentadiene (or cyclopentadiene tetramer), 
40 dihydrodicyclopentadiene (or cyclopentene-cyclopentadiene co-dimer), 

methyl-cyclopentadiene dlmer, 

ethyl-cyclopentadiene dimer, 

tetracyclododecene, 

O-methyl-tetracyclote^.l.l^^ldodecene^, (or methyl-tetracyclododecene), 
45 9-ethyI-tetracyclo[6,2,1 .I^O^Jdodecene-^ (or ethyl-tetracyclododecene), 

9-propyl-tetracyclo[6^,1 ,1 ^^dodecene^, 

9-hexy l-tetracyc!o[6,2,1 ,1 ^O^fctodecene-^ 

9-decy Ketracyclo[6,2,1 ,1 3 - 6 0^ 7 ]dodecene-4. 

9,1 0-dimethyl-tetracyclo[6,2,1 ,1 3 - 6 0 2 « 7 ]dodecene-4 f 
so 9-methyl,10-ethyl-tetracyclo[6^.1 .I^.O^Jdodecene^, 

9-cyclohexy l-tetracyclo[6,2,1 ,1 ^O^Jdodecene^, 

9-chk>ro-tetracyclo[6,2,1 ,1 ^O.^Jdodecene-^ 

9-bromo-tetracyclo[6,2,1 ,1 ^O^ldodecene^, 

9-fluoro-tetracyclo[6,2,1 ,1 3 - 8 0, 2 ' 7 ]dodecene-4, 
55 9-isobutyl-tetracyclo[6,2,1 ,1 ^.^Jdodecene-*, or 

9,10-dichloro-tetracyclo[6,2, l,1 36 0, 2 - 7 ]dodecene-4. 

17 The printed circuit board of claim 1 wherein the polycycloolefin copolymer further comprises an amount 
of from about 1 wt.% to about 10 wt%. based on the total weight of monomeric units present in the 
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polymeric composition, of units derived from monomers of the formula 



5 



10 




wherein X is selected from -O, -CcrVChfe- or alkylene of from 1-4 carbon atoms; 
Z is selected from -O, -NH-. -0-CH 2 -CH 2 -0- f or -NH-CH 2 -CH 2 -NH-; 
Y is selected from alkylene of from 1-4 carbon atoms; and 

R 9 , R 10 and R 11 are each independently selected from hydrogen, hydroxyl, C1-C12 alkyl; C 6 -Ci 2 aryl; C 6 
C12 aryl substituted by alkyl; halogen; or C1-C12 alkoxy. 
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